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INTRODUCTION

The description of the computer program is designed to display and evaluate the
comparison of multilayer, dielectric, thin-film optical filter transmittance values with
corresponding wavelength data for normal incidence only.

The program is written for the PDP-5 and PDP-8 combined computer system
which has an intercommunication buffer, a 30-G cathode ray tube (CRT) display, a deck
tape system, and teletype and punched-tape input and output equipment,

This technical memorandum is a supplement to NASA Technical Memoran-
dum X-58013, November 1967.

COMPUTER PROGRAM

The "Thin-Film Filter Computer Program System' has been written to operate
with the PDP-5/8 computers linked with an interface connection. The system uses the
following peripheral equipment: a teletype input-output system and a 30-G display unit
with 14-inch CRT.

The program system is in three parts. The main program is a FORTRAN pro-
gram that reads the input data tape, performs the necessary calculations, sends a
signal to the CRT link routine, and prints complete results on the teletype unit. The
CRT display program is an assembler language program that displays the FORTRAN
program results on the CRT; the link program is an assembler language program that
transmits the FORTRAN program output to the PDP-5.

The input data for a run are arranged on paper tape according to the format in
table I. Definitions of the variables listed in table I are found in table IIL.

*Programing by William J. Fehrenkamp and Marian VanZant; program analysis
by James W. Martin,



The data for adjusting the thicknesses may be prepared on paper tape or typed
manually on the teletype as the program proceeds. A sample data tape is shown in
table III. The data on the paper tape are transmitted to the computer by the teletype
unit.

Output on the teletype unit is shown in tables IV to VII. An output sample for CRT
can be found on pages 6 and 8 of NASA TM X-58013 entitled "Evaluation of Optical Thin-
Film Filters." Following table VII are the listings and flow charts (figs. 1 and 2) for
the three computer programs.

The loading sequence is in two main parts. The ‘first part is for the PDP-5, and
the second part is for the PDP-8.

1. PDP-5 — Load CRT display routine and floating point package A in either
order with the binary loader; branch to 0400 to start the display routine.

2. PDP-8 — Load according to the following order:
a. FORTRAN operating system no. 1 with binary loader
b. Assembler language link routine with binary loader
c¢. FORTRAN program object tape with low-speed reader option

Branch to 0200 and begin.



TABLE I. - INPUT SEQUENCE AND FORMAT

Input sequence Format
N I
M I
XNO E
XNS E
XN1 E
XN E

n
XLAM1 E
XLAM E

m

TH1 E
TH E

n
NINP, I, TH, LLE

E LL E

Repeat until NINP = 0

aRepeat for each altered set of thicknesses.




TABLE II. - INPUT DEFINITIONS

Initial Definition

N Number of layers

M Number of lambdas

XNO Incident medium refractive index (No)
XNS Substrate refractive index (NS)

XNi Index of refraction of layer

XLAMi Wavelength of light (lambda)

THi Thickness of a layer

Thickness Alterationsa

NINP If NINP = 0, last thickness change

If NINP = 1, more changes coming
I That layer where thickness is to be changed
Th(i) The changed thickness

AThis section is repeated every time a new altered thick-
ness table is desired.



TABLE III. - INPUT TAPE FOR INITIAL SET OF THICKNESSES®

Input parameters

Wavelength A

Thickness t

18

15

1.9
.52
.38
. 3¢
.38
.30
.38
.39
.38
.30
.38
.30
.38
.3¢
.38

DHEDHEDRHODHEDENEDEDE DR

L LgE-gh
LU1E-pL
LLoE-gh
JL3E-pL
JUhE-gh
AUSE-gh
LEE-gL
LWTE-gh
 L8E-gh
.LOE-gh
. SPE-PL
.51E-gh
.52E-@L
. 53E-¢kL
. SUE-gh

.643E-@5
.T51E-@5
. 89PE-@5
.T51E-@5
.890E-#5
. T51E-85
. 890E~-@5
.T51E-@5
.890E-¢5
.751E-@5
. 890E-@5
.T51E-¢5
. B9PE-@5
.T51E-@5
. 890E-@5
.T51E-@5
.890E~#5
. T51E-@5

a‘Input order: column 1 followed by column 2 followed by column 3.




TABLE IV. - OUTPUT OF INITIAL SET PARAMETERS

NUMBER OF LAYERS = 18
NUMBER OF LAMBDAS = 15

XNO = 1.9
XNS = 1.52
LAYER INDEX OF REFRACTION

+1
+2
+3
+h
+5
+6
+7
+8
+9
+1
+11
+12
+13
+1k
+15
+16
17
+18

[\)I—’f\)l—‘l\)l—‘l\)l:—‘l\)l—'l\)f—-‘l\)l—“l‘\)l—‘l\)l—‘
W
=

LAMBDA

LgE-gh
LU1E-gh
LuoE-gh
43E-gY
LhE-gl
LsE-@h
LOE-@l
LTE-gL
.LBE-gL
JLom-gl
. SPE-@h
.51E-PL
. 52E-@L
. 53E-@h
L5LE-gL



TABLE V.- OUTPUT OF INITIAL SET, A VERSUS T

LAYER THICKNESS OF LAYER

+1 .6U3E~@5
+2 . TS51E-§5
+3 . 89¢E~@5
+ .751E-¢5
+5 .890E-@5
+6 JT51E-@5
+7 .890E-¢5
+8 . T51E-¢5
+9 . 89@E~-05
+1¢ .T51E-@5
+11 . 89¢E-@5
+12 . T51E~@5
+13 . 890E-@5
+1h .T51E-@5
+15 .890E-@5
+16 .T51E-¢5
+17 .890E-@5
+18 .T51E-@5
LAMBDA TRANSMITTANCE

+(@.399999E-L
+@. LP9999E-L
+@ . 4199998~k
+3 . 4299998}
+p.439999E-4
+@ . 4h9999E-k
+@. 459999E-4
+@.469999E-L
+0. LBPPBIE-4
+@.489999E-L
+@ . 499999E-L
+@. 509999E-L
+#.519999E~h
+3.529999E-h
+@.539999E-h

+@.98762LE+g
+@.oL2@@eE+P
+3.9T2206E+(
+$.992T1L9E+p
+@.91P66TE+P
+@.89218TE+@
+@.9843T6E+D
+@, 898954 E+¢
+@ ., 6934 83E+(
+@.785219E+(¢
+@. 77925 TE+@
+@.117121E+¢
+@.2L8T735E~1
+@.8291T6E~2
+@.369T789E-2



TABLE VI. - OUTPUT OF ADJUSTED SET

1 12 659E-§5
Thickness adjustments 1

¢ 13 T6TE-@5

LAYER THICKNESS

+1 +@,6L2998E-5
+2 +@ . T5$999E~5
+3 +@.889999E-5
+h +@ . T50999E-5
+5 +@.889999E~5
+6 +@ . T50999E-5
+7 +(.889999E-5
+8 +@ . T50999E-5
+9 +@ . 889999E-5
+1¢  +@.750999E-5
+11 +@.889999E~-5
+12 +@.658999E-2
+13 +@. T6TPEPE-2
+14  +@.T750999E-5
+15  +@.889999E-5
+16  +@.T50999E-5
+17  +{3.889999E-5
+18  +@.T750999E-5

LAMBDA

+@ . 399999E-k
+@ 4P9999E-4
+@.419999E-4
+3. 429999E-It
+@.139999E-4
+@ . 449999E-L
+ 459999E-L
+@.469999E-4
+0. 480@@@FE-4
+p.489999E-4
+# . 499999E-L
+3. 509999E~k
+0 .519999E~4
+3.529999E-L
+3.539999E-4

TRANSMITTANCE

+@.832921E+@
+0. 7894 T1E+¢
+0.984829E+p
+0.935955E+@
+0.937¢62E+@
+@.88TT39E+d
+@ . 87@L5PE+P
+@.682983E+0
+@.38968TE+@
+{ . 2P6L2TE+D
+@.3TL616F-1
+0.2780@2E-1
+(.59191¢E-1
+@.12TTUBE+D

+@.388h@oE-1



TABLE VII. - OUTPUT OF ADJUSTED SET

1 8  .699E-@5
1 9 .TTTE-@5 Thickness adjustments 2
¢ 1¢  .68BE-@5

LAYER THICKNESS

+1 +@.6L2998E-5
+2 +3 . TSP999E~-5
+3 +{. 889999E-5
+h +@ . TSP999E-5
+5 +@.889999E-5
+6 +3 . T5P999E~5
+7 +¢.889999E—5
+8 +@ . 698999E-5
+9 +3 TT6999E-5
+10 +@.68T7999E~5
+11 +@.889999E-5
+12 +@.658999E-2
+13 +@.T6TPPPE~-2
+1h +@. T5P999E-5
+15 +@.889999E~5
+16 +3. T5999E~5
+17 +@ . 889999E~5
+18 +@. T50999E-5

LAMBDA

+@.399999E-4
+@ . 4P9999E-k
+3 . 419999E-L
+@ . 129999E-4
+@.1439999E-14
+@ . 4bL9999E-L
+@.459999E-4
+@ . 46999984
+¢. L8GPPPE-4
+0.489999E-L
+(3.199999E-L
+3. 509999E~-k
+@.519999E~k
+@ . 529999E-4
+0 .539999E-4

TRANSMITTANCE

+@.9LLk12Fm+p
+@, 62011 9E+9
+@.869817E+@
+@. 7966 T3E+P
+(@.8663PTE+P
+@ . 8L81PFE+P
+@.T1LT866E+¢
+@ . 38633¢E+g
+0.103591E+(
+@.481866E-1
+@.15389TE-1
+@.173737E-1
+@.177824E-1
+0.583763E+(
+@. 66448581
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‘ START >

READ

INITIAL DATA
PARAMETERS
N.M,XNO, XNS
XNj, i=1...N
XLAMj,j=1...M

k

READ INITIAL
THICKNESS
OF LAYERS
THi, i=1,...N

ILAM= 1

COMPUTE
DEL(ILAM, 1)
M (ILAM, 1)

NO

COMPUTE
DEL (ILAM, D
M (ILAM, D)

¥

I=1+1

YES

COMPUTE
TAULAM)

{

NO

LAM=ILAM + 1

ILAM>M?

9

CRT
DISPLAY
OuUTPUT

1

TELETYPE
OUTPUT

'PAUSE

INPUT
ALTERATIONS

IN THICKNESS
TABLE AND LIST

YES

Figure 1. - Main program flow chart (FORTRAN).
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MAIN PROGRAM (FORTRAN)

OPTICAL THIN-FILM FILTER EVALUATION
MANNED SPACECRAFT CENTER
HOUSTON TEXAS

READ INITIAL PARAMETERS ON TELETYPE
(MANUAL. OR PAPER TAPE)

DIMENSION XN(25),TH(25),XLAM(25),T(25)
1¢¢; FORMAT(I)

2¢@; FORMAT(E)

TYPE 1¢1 .

1¢1; FORMAT(/,"NUMBER OF LAYERS = ")
ACCEPT 1¢¢,N

TYPE 1¢2

1¢2; FORMAT(/,"NUMBER OF LAMBDAS = ")
ACCEPT 1¢¢ ,M

TYPE 1#3

1¢3; FORMAT(/,"XNO
ACCEPT 2¢@, XNO
TYPE 1¢k4

1¢h; FORMAT(/,"XNS
ACCEPT 2¢@ ,XNS
TYPE 1¢5

1¢5; FORMAT(/,"LAYER ","INDEX OF REFRACTION",/)
DO 2¢ I=1,N

TYPE 1¢6,I

1¢6; FORMAT (I)

ACCEPT 2¢@ ,XN(I)

2¢; CONTINUE

TYPE 167

1¢7; FORMAT(/,"LAMBDA",/)

DO 3¢ I=1,M

ACCEPT 2¢¢ ,XLAM(T)

3¢; CONTINUE

")

!l)

INPUT FIRST SET OF THICKNESSES

TYPE 1¢8 :
1¢8; FORMAT(/,"LAYER " ,"THICKNESS OF LAYER",/)
DO Lg I=1,0
TYPE 1¢9,I
1¢9; FORMAT(I)
ACCEPT 2@, TH(I)
L@; CONTINUE

11
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MAIN PROGRAM (FORTRAN) - Continued

TA'S COMPUTED IN THIS SECTION

COMPUTE DEL AND M MATRIX
998; DO 999 ILAM=1,M
DEL=((6.2831853)*XN (1) *TH(1) ) /XLAM(ILAM)
A=COSF(DEL)
B=SINF(DEL)/XW(1)
=XN{1)*SINF(DEL)
D=A
IF(N-1)2,4,2

HERE FOR N>1 COMPUTE Mﬁ=M

2; DO 3 I=2,N
DEL={ (6.2831853)*XN (I )*TH(I) ) /XLAM(ILAM)
A1=COSF(DEL)

B1=SINF(DEL)/XN(I)

C1=XN(I)*SINF{DEL)
D1=Al
A2=A%A1-B¥CL
B2=A¥B1+B¥D1
C2=C¥A1+D¥*C1
D2=D¥D1-C#*B1
A=p2

B=B2

C=C2

D=D2

3; CONTINUE

TA EQUATTION

L T(ILAM)=b.@/(2.J+ARA*XNO/XNS+D*¥D¥XNS /XNO+C#C / ( XNO¥XNS ) +B¥B¥XNO¥XNS )

999; CONTINUE



MAIN PROGRAM (FORTRAN) - Concluded

GO TO DISPLAY ROUTINE AND RETURN

TYPE 11¢
11¢; FORMAT{/,"LAMBDA " WTRANSMITTANCE",/)
PAUSE 3456

PRINT Xk’ TA TABLE

DO 6¢ I=1,M

TYPE 3@¢¢,XLAM(I),T(I)
3¢¢; FORMAT(/,E,E)
603 CONTINUE

INPUT ALTERATIONS IN THICKNESS TABLE

7¢3 ACCEPT L@@ ,NINP,T,TH(I)

L@, FORMAT(I,I,E)

C; IF NOS OF INPUTS = ¢, START COMPUTING
¢; IF NOS OF INPUTS IS NON-ZERO, CONTINUE TO INPUT
IF (NINP)T$,80,7¢

8@; TYPE 111

111; FORMAT(/,"LAYER ","THICKNESS",/)
DO 9¢ I=1,N

TYPE 5¢¢,I,TH(I)

5¢¢; FORMAT(/,I,E)

9¢; CONTINUE

GO TO 998

END

13



LINK PROGRAM (ASSEMBLER LANGUAGE)

/THIS SUBROUTINE TRANSFERS BILBAC PROGRAM DATA
/FROM THE PDP-8 TO THE PDP-5

®6600

SUBR, ¢
CLA
TAD BADR /SET UP ADDRESS POINTER
DCA CADR /.....

TAD I NLAM /GET NUMBER OF LAMBDAS AND
DCA TEMP1 /TRANSMITTANCES
TAD TEMP1 /MULT BY -3
TAD TEMPL /.....
TAD TEMP1 /.....
CIA [ouunon
DCA TEMP2 /PUT IN TEMP2 TO USE AS A COUNTER
TAD TEMP1 /GET NUM. OF L&T
6716 /TRANSFER NUM. TO.5
NXWORD, CLA
TAD T CADR /GET TRANSMITTANCE DATA WORD

6711 JWATT UNTIL 5 IS READY
SKP [evun.

JMP .-2 Jeuuns

6716 /TRANSFER TO 5

ISZ CADR /INCREMENT POINTER

ISZ TEMP2 /INCREMENT COUNTER AND SKIP IF FINISHED
JMP NXWORD /NOT FINISHED, GET ANOTHER DATA WORD
JMP I SUBR /FINISHED, EXIT

TEMPL, 1)
TEMP2, ]
NLAM, THLT
BADR, 7851
CADR, 7651

$



BEGIN
SA 0400 CLEARAC
LOAD AC 0477
STORE IN 17 P.@.
LOAD AC NUMBY
STORE IN CNT
GO TO STORE @ IN
GETDAT XPNT
LOAD AC
SW REGISTER CLEAR VY BFR
LOAD AC XPNT
XEC X COORD
BRIGHTEN CRT
CLR X BFR |
ADD 32.70 AC
Y STORE INXPNT
LOAD AC LOAD AC (IND)
WITH -20. 17 P.0.
STR IN CNT
XEC Y COORD
XEC Y COORD CLEAR AC
INCRMENT CNT
b
LOAD AC
WITH 50.
INCREMENT NO VES
CNT <
NO cnT20? DYES

Figure 2. - Cathode ray tube flow diagram.

15
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‘ GETDAT ’

4

CLEAR AC AND
LINK. CMPLMT LINK
LOAD AC 577 (383.)

STORE IN 16 P.@.

|

"5" GO (6722)
CMPLMT AC AND LINK
STORE AC IN NUMBY

L ]

"5"G0(6722)
STORE AC(IND)
16 PAGE g

INCLUSIVE OR
OF CONTENTS
OF COMMAND REG.

INTO AC

6 NOPS

PROC

Figure 2. - Continued.




‘ PROC ’

L

CLEAR AC AND LINK

GO TO (ND)
0007 P.0.

RETURN

]

LOAD FLT AC [1000]
NORMALIZE
STORE IN 1000

Y

CLEARAC
LOAD AC 600 OR 384,
STORE IN ADDR

\

LOAD AC 477
OR 319. STORE
IN17 P.Q.

h 4

LOAD AC NUMBY
STORE IN CNT

|

GO TO (ND)
0007P.0.

RETURN

f

LOAD FLT AC ADDR
MULT.BY [1000]

GO TO

RETURN

i

YES

NO

GO TO
ERR2

Figure 2. - Continued.

A

STORE AC(IND)
17 PAGE O

GO 7O

17



FIX

Y

CLEAR AC
LOAD AC (44)

NO

YES

ADD -13

NO

CLEAR AC CLEAR LINK
. LOAD AC (45)
4
( RETURN )
L ac>07
, Y
CMPLMT LINK CES

4

ROTATE AC AND LINK
1 TO THE RIGHT
STORE AC IN 45

YES

STORE IN
44

b

Y
INCRMNT (44)

NO

YES

GO TO
ERR1,

INDIRECT

Y

LOAD AC (45)

Y
( RETURN ,

18

Figure 2. - Concluded.




CRT DISPLAY ROUTINE FOR PDP-5 (ASSEMBLER LANGUAGE)

(g

p963
WJan
pP65
ppe6
Pe6T
pOTHP
gpTL
ppre
8p73
gaTh
pe75
go76
POTT
109
g1g1
¢1p2
p1p3
p1ph
p185
p1p6
P17
g11p
$111
g112
$113
g11h

5600

PP
7208
1ghh
7548
5472
7208
5111
1112
Th50
5118
7580
5513
3¢kl
7100
1645
7519
920
7910
3pL5
2@k
5108
1045
5463
T765
1908
1091

*T

*63
FIX,

AGN,

FIN,

M13,
ERRL,
ERR2,

5640

CLA

TAD L4
SZA SMA
JMP .+3
CLA

JMP FIN +1
TAD M13
SNA

JMP FIN
SMA

JMP I ERR1
DCA Lk
CLL

TAD L5
SPA

CML

RAR

DCA L5
ISz b
JMP AGN
TAD L45
JMP I FIX
#-13

1909

1991

19
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CRT DISPLAY ROUTINE FOR PDP-5 (ASSEMBLER LANGUAGE) - Continued

gL
gupl
puga
pug3
Lok
pups
pLe6
gupT
ph1g
ikl
ph1o
#u13
Bu1l
pu1s
Pu16
puat
ghog
pho1
guo2
ph23
g2l
phos
phob
puoT
ph3g
pu31
ph32
L33
Plu3k
ph35
Ph36
pL37
pllg
gLl
pllp
gul3
gl
guls
puké
Pk
pL5g
pus51
ghs2
pus3
plush

*Lpg
5201 BEGIN,
6721
5246
7604
68Tk
6051
7200
1237
3236
6067
12h¢
2236
5211
7200
12h1
3017
1245
3236
32LL
6061
1244
6857
12h2
3oLk
14317
6067
7209
2236
5223
5241
¢pgp CNT,
TT54 C28,
gp62 Cc2p,
guTT Ch7,
pgup Cchp,
577 C57T7,
ppPg XPNT,
774 NUMBY,
730% GETDAT,
7628
1243
3916
6722
TPh1
3245

NXTX,

IMP .+1
6721

JMP GETDAT
LAS

607k

6051

CLA

TAD C2¢
DCA CNT
6867

TAD C5¢
1S7 CNT
JMP .-3
CLA

TAD CUTT
DCA 7 17
TAD NUMBY
DCA CNT
DCA XPNT
6061

TAD XPNT
6057

TAD CLg
DCA XPNT
TAD I Z 17
6067

CLA

IS7 CNT
JP .~11
JMP BEGIN +1

TT54
pp62
guTT
Lg
577

g

TThg

CLA CLL
CML

TAD C5T77
DCA 7 16
6722

CIA

DCA NUMBY



CRT DISPLAY PROGRAM FOR PDP-5 (ASSEMBLER LANGUAGE) - Continued

pLss5 6724  NXWORD, 6724

gus6  TH00 Nop

pusT TH00 NOP

gLep 7000 Nop

guel 7908 NOP

pu62  THoD NOP

gu63  TPPP NoP

pLeh 6721 6721

phes  Thip SKP

pLE6 5342 JMP PROC
pheT 6722 6722

phTd  3k16 DCA I 7 16
gu7l 5255 JMP NXWORD
gute @gle  C1ppd, pg12

gu73 3728 3726

puTh  PPPP PPee

gu7s  P6PP ADDR, 6P

guT6 g6PP C6PP, 609

*500
psop oo
@591 Bpop
gsp2 PP
$503 PPpd
g50h  PEPP
g505 PPPP
g506  Bpoo
587 PPod
g51p P@PP
p511  Peog
g512  PPP@
$513 @ppe
g51h  PPpe
$515 @ope
$516 PooP
g517  Pogd
g520 @od
g521  PPPe
g522  Ppod
$523 PPoP
g52L  gpdp
@525 PP
g526 pPdP
gs27  PPPe
@539 @oPe
$531 @pod
g532  PpPP
$533 @ggod
p53L  @pod
#535 gopp
$536 PPPP
$537 PP
gshp  pooo
g5h1  @ppe

SRR SR SR SR SR ORGSR SR SR SRS RS SR SR SRS R SR SRS R SR S SRS SR SR SRS SE SR SR S SRS
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CRT DISPLAY PROGRAM FOR PDP-5 (ASSEMBLER LANGUAGE) - Concluded

@sho
P543
o5kl
g5hs
psh6
gkt
$550
$551
$552
$553
g554
$555
$556
$557
$568
@561
@562
$563
@564
$565
#566
g567
@357@
$571
@572
$#573
@57k

1p0p
1691
1pp2

ADDR
AGN
BEGIN
CNT
C1pgp
cop
chg
chTT
csp
CSTT
C609
ERR1
ERR2
FIN
FIX
GETDAT
M13
NUMBY
NXTX
NXWORD
PROC
XPNT

#5ho
7304 PROC,
Lhgt
5272
7000
6272
PP
7200
1276
3275
1241
3817
1245
3236
Lu @7
5675
3272
ullulo]
Lp63
7516
5514
317
2275
2275
2275
2236
5357
5203

Thge
Thg2
5201

guTs
p1pp
pupp
pL36
ghr2
Pu3T7
ghlio
puby
pulp
gul3
puT6
$113
Q)llh
g119
$p63
ghk6
$112
Puks
gu23
gus5
gs5k2
glilil

*1009

CLA CLL
JMS I Z 7
FGET C1p9¢
FNOR

FPUT C1P¢@
FEXT

CLA

TAD C60@
DCA ADDR
TAD Ch7T
DCA Z 17
TAD NUMBY
DCA CNT
IMS T ZT
FGET T ADDR
FMPY Cl¢@
FEXT

JMS 7 FIX
SPA

JMP. T 7 ERR2
DCA I Z 17
ISZ ADDR
ISZ ADDR
187 ADDR
IS7 CNT
JMP .-1k
JMP BEGIN +3

HLT
HLT



